Abstract. Starting from a kinetic model for electrons in a weakly ionized plasma, a spherical harmonic expansion (SHE-) model is derived by a formal asymptotic analysis for strongly disparate masses of electrons and ions. The macroscopic limit of the SHE-model for high elds gives a high eld extension of standard macroscopic models for ionization.
Introduction
We consider the following scaled kinetic equation for electrons in a medium of ions and neutral particles, subject to ionization and recombination reactions: " 2 @f @t + "v r x f ? "E r v f = " 2Q ion (f) +Q coll (f) ; (1.1) where f(x; v; t), x; v 2 IR 3 , t 2 IR, is the electron distribution function, E(x; t) is the (given) electric eld, and the dimensionless parameter " 2 1 is the ratio of the electron mass to the mass of a neutral particle. The length scale has been chosen such that " can also be interpreted as the Knudsen This work has been supported by the TMR-network`Asymptotic Methods in Kinetic Theory' and by the program on`Charged Particle Kinetics' at the Erwin-Schr odingerInstitute, Vienna. The work of C.S. has also been supported by the 1 number, i.e., the ratio of the mean free path (of an electron between (nonionizing) binary collisions with neutral particles) to the length scale. For the time scale a di usion scaling has been chosen, which the following analysis will show to be appropriate (instead of a hydrodynamic scaling where " instead of " 2 appears in front of the time derivative).
The termsQ ion (f) andQ coll (f) describe the e ects of ionization reactions and of the above mentioned binary collisions, respectively. A basic scaling assumption is that the mass ratio " 2 is of the same order of magnitude as the ratio of typical time scales for collisions and ionization reactions. For the derivation of (1.1) and for further details of the scaling see 9] .
Neutral particles and ions are assumed to be in local equilibrium, with the distribution functions given by the Maxwellians f n = M n;u;T and f i = M i ;u;T , respectively, with
and given space and time dependent n ; i ; T 2 IR and u 2 IR 3 . This can be derived 9] by assuming that the typical densities of electrons and ions are much smaller than those of neutral particles. Then, the dynamics of ions and neutral particles are dominated by binary collisions between neutral particles with each other as well as between neutral particles and ions. Therefore, both species are in local equilibrium with the same mean velocity and temperature. We consider an impact ionization process where an highly energetic electron hits a neutral particle knocking out an additional electron and leaving back an ion. The reverse process is also considered. The ionization operator is then given bỹ Q ion (f)(v) = where Q ion (f) is de ned by (1.2) with f n and f i replaced by M n ;0;T and M i ;0;T , respectively. Similarly, Q coll (f) is de ned by (1.3) with f n replaced by M n ;0;T . Thus, in (1.5) the mean velocity of the background medium appears in the transport operator instead of the ionization and collision operators.
In the following section some results on the asymptotics of the collision operator Q coll as " ! 0 are presented. This is an extension of some of the results of 3]. Section 3 contains the formal asymptotics as " ! 0 for solutions of (1.5). In the limit, the electron distribution function is approximated by an isotropic distribution satisfying a di usion equation with both spatial di usion as well as di usion in the energy direction. Finally, in section 4, a macroscopic limit of the SHE model is computed under the scaling assumption that the in uence of the electric eld balances that of the inelastic contributions to binary collisions. The equilibrium distribution is eld dependent and interpolates between the Maxwellian distribution for low elds and the Druyvenstein distribution for low temperatures. The resulting equation for the macroscopic density contains eld dependent transport parameters and ionization rates. A related treatment for the transport in semiconductors can be found in 2].
2 Properties of the collision operator Another important property of Q 0 is its symmetry with respect to the L 2 (IR 3 ) inner product:
The collision invariants of Q 0 are all functions of the energy w, implying
For an "-independent argument f, the collision operator can be expanded in the form Q coll (f) = Q 0 (f)+"Q 1 (f)+" 2 Q 2 (f)+O(" 3 ). Then, for a solution of (1.5) we have
It is the main objective of this section to compute information on the terms in this expansion. 
The di usion approximation
In this section we carry out the formal limit " ! 0 in the transport equation 
